Summary. Of 19 dioestrous ewes given 50 \ g=m\ g GnRH on Day 10 of the oestrous cycle, 15 (79%) formed corpora haemorrhagica within 2 days after injection of GnRH. After excision of the Day 10 spontaneous CL, the GnRH-induced CL were short lived when compared to spontaneous CL in saline-treated ewes (3\m=.\1\ m=+-\0\m=.\4 vs 17\m=.\3\ m=+-\0\m=.\3days, respectively). Hysterectomy ofewes bearing the GnRH-induced CL prevented regression of the short-lived CL, thus extending functional lifespan > 38 days. Serum concentrations of progesterone produced by the GnRH-induced CL in hysterectomized ewes were less than those observed during a comparable interval (Days 7\p=n-\14) in sal i ne\x=req-\ treated, non-hysterectomized ewes (2\m=.\24\ m=+-\ 0\m=.\1 vs 3\m=.\67\ m=+-\0\m=.\15ng/ml, respectively; P \ m=l e\0\m=.\001).
Introduction
Subnormal luteal function has been considered to be an important cause of infertility and is known to occur in women (Strott et ai, 1970) , monkeys (Wilks et ai, 1976) , cows (Pratt et ai, 1982) , and ewes (Coleman & Dailey, 1983; McLeod & Haresign, 1984) . Characteristically, subnormal corpora lutea (CL) will function for an abbreviated period of time, producing normal or subnormal serum concentrations of progesterone, or will function for a normal period of time, producing subnormal concentrations of progesterone (see review by Garverick & Smith, 1986) . Deficiencies in either the duration of progesterone secretion or amount secreted have been associated with failure to main¬ tain pregnancy in women (Jones, 1976; Soules et ai, 1977) . Factors responsible for the formation and function of spontaneously formed subnormal CL have not been elucidated due in part to the difficulty in predicting their occurrence. In cattle and sheep, subnormal CL often form at the onset of puberty and at the initiation of cyclic activity following seasonal or post-partum anoestrus; both relatively unpredictable events (Corah et ai, 1974; Walton et ai, 1977; Berardinelli et ai, 1979 Berardinelli et ai, , 1980 Lamming et ai, 1981; LaVoie et ai, 1981; Keisler et ai, 1983; Sharpe et ai, 1986) . Several experimental approaches have been used to enhance the predictability of the occurrence of sub¬ normal CL (Lishman et ai, 1979; Odde et ai, 1980; Pratt et ai, 1982; Garcia-Winder et ai, 1986; Copelin et ai, 1987; Southee et ai, 1988a) . These approaches, however, either lack desired precision or are dependent on the induction of both normal and subnormal CL in anoestrous animals. Rahmanian & Murdoch (1987) described a system for GnRH induction of subnormal CL in cyclic ewes which would facilitate the study of periovulatory events. They reported, however, that the subnormal CL which were induced were not dependent on the uterus for their demise. We have re-examined the role of the uterus in the demise of the subnormal CL induced as described by Rahmanian & Murdoch (1987) Sheffel et al. (1982) and established in our laboratory. Minimum detectable concentrations were 5 pg/tube; recovery averaged 89% and inter-and intra-assay coefficients of variation were 6% (n = 12) and 11% (n = 5), respectively. Assay blanks were < 1 pg/tube. Concentrations of LH were deter¬ mined in duplicate in 20 or 200 µ serum per tube by the radioimmunoassay procedures described by Zaied et al. (1980) . Minimum detectable concentration of LH was 25 pg/tube with inter-and intra-assay coefficients of variation of 9% (n = 3) and 12% (n = 7), respectively.
Statistical methods. Comparisons among treatments were made using analysis of variance procedures and, when appropriate, Duncan's new multiple range test (Steel & Torrie, 1980) . Effects of treatment on serum concentrations of LH and progesterone were determined using the general linear models procedure of the Statistical Analysis System (SAS Institute Inc., 1985) for a split-plot design with repeated measures in time. Treatment was a main plot variable with time, and time by treatment interactions were subplot variables. Differences with a probability of 5% or less were considered significant. Estimates of repeatability were calculated in Exp. 1 using a nested analysis of variance procedure described by Becker (1984 (Table 1) . However, lifespan of spontaneous CL did not differ (P > 010) in saline-or GnRH-treated ewes which failed to form induced CL. Serum concentrations of progesterone in non-hysterectomized ewes which formed induced CL never exceeded 0-5 ng/ml for more than 1 day before returning to oestrus. Removal of the uterus from ewes which formed induced CL prevented regression of the induced CL and return to oestrus during the 38-day period of study following hysterectomy. Serum concentrations of progesterone in hysterectomized ewes with induced CL increased after hysterectomy and remained plateaued for the duration of study at a concentration less than that observed during a comparable interval in saline-treated ewes (2-24 ± 0-1 vs 3-67 + 015 ng/ml, respectively; « 0001). Injection of 50 µg GnRH before (GnRH-5 h-PG), during (PG-5 h-GnRH) or after (PG-36 hGnRH) the PGF-2a-induced luteal regression prompted an immediate increase in serum concen¬ trations of LH in GnRH-treated ewes. Maximum concentrations of LH were observed 1-5-2 h after injection of GnRH. Ewes which received the PG treatment spontaneously elicited a preovulatory surge of LH 53 ± 6 h after the initial injection of PGF-2a. Magnitude of the surge of LH was greater (P < 0-05) in PG-treated ewes (94-3 ± 21-3 ng/ml) and ewes treated with GnRH after Fig. 1 . Ewes which received the PG-36 h-GnRH treatment responded similarly to the PG-treated ewes. Corpora haemorrhagica with visible papilli were observed via laparoscopy on the ovaries of 7/7 PG-36 h-GnRH-treated ewes 2 days after injection of GnRH. Although oestrus did not precede these ovulations, oestrus was observed 20-1 ± 1-2 days after injection of PGF-2a as seen in the PG-treated ewes (P > 0-10). Profiles of serum concentrations of progesterone in PG-36 h-GnRH-treated ewes did not differ (P > 010) from those in PG-treated ewes (Fig. 1) .
Laparoscopy of ewes in Groups GnRH-5 h-PG and PG-5 h-GnRH 2 days after injection of GnRH revealed that 5/7 and 5/7 ewes, respectively, had corpora haemorrhagica grossly identical to those observed in PG-and PG-36 h-GnRH-treated ewes. Like the PG-36 h-GnRH-treated ewes, oestrus did not accompany the GnRH-induced ovulations in GnRH-5 h-PG-and PG-5 h-GnRHtreated ewes. Lifespan of CL which formed in response to an injection of GnRH 5 h before or 5 h after PGF-2a (GnRH-5 h-PG and PG-5 h-GnRH treated ewes, respectively) were short-lived with ewes returning to oestrus 4-5 + 1 and 40 + 1 days after PGF-2a. Laparoscopies performed at the onset of oestrus confirmed regression of the GnRH-induced CL. Serum concentrations of pro¬ gesterone in GnRH-5 h-PG-and PG-5 h-GnRH-treated ewes which formed the short-lived CL did not exceed 0-5 ng/ml for more than 1 day (Fig. 1 ) before returning to oestrus. Corpora lutea which formed subsequent to those induced by the treatments of GnRH-5 h-PG and PG-5 h-GnRH produced oestrous cycle lengths (17-7 ± IT and 18-5 + 0-5 days, respectively) and profiles of serum concentrations of progesterone similar to those observed in PG-treated ewes (P > 010).
The 2/7 GnRH-5 h-PG-and 2/7 PG-5 h-GnRH-treated ewes which did not ovulate within 2 days after injection of GnRH responded similarly to PG-treated ewes in terms of oestrus, oestrous cycle length and profiles of serum concentrations of progesterone (data not shown). Of the 20 ewes assigned to GnRH-5 h-PG treatment and the 16 ewes assigned to the PG-36 hGnRH treatment, 14 and 16, respectively, had corpora haemorrhagica when examined at laparoscopy 2 days after injection of GnRH. Ewes without corpora haemorrhagica were not studied further. Ewes which received the GnRH-5 h-PG treatment and a control ear implant at laparoscopy (N = 8) returned to oestrus before implant removal, 4-5 ± 0-5 days after injections of PGF-2a. When ovaries from ewes of this group were examined at oestrus (via laparoscopy), regression of the GnRH-induced CL was confirmed. Serum concentrations of progesterone deter¬ mined during the interval from control implant placement until oestrus did not exceed 0-5 ng/ml for more than 1 day. In contrast, ewes which received the GnRH-5 h-PG treatment and an implant containing 3 mg norgestomet at laparoscopy (N = 6) did not exhibit oestrus until 2-6 ± 0-2 days after implant removal (i.e. 12-6 ± 0-2 days after injection of PGF-2a), even though no luteal tissue was found in the ovaries at implant removal. Serum concentrations of progesterone determined during the interval from norgestomet implant placement until oestrus remained low and did not exceed 0-5 ng/ml for more than 1 day. Ewes which received the PG-36 h-GnRH treatment and either a blank (N = 8) or norgestomet implant (N = 8) had large, red CL located where corpora haemorrhagica had originally been situated following injection of GnRH when examined via laparoscopy at implant removal. No new ovulation sites were found. Profiles of serum concen¬ trations of progesterone in PG-36 h-GnRH-treated ewes which received norgestomet implants were not different (P > 010) from those of PG-36 h-GnRH-treated ewes which received control ear implants.
Discussion
In this series of studies, 74% (34/46) of cyclic ewes given 50 µg GnRH before excision of CL or PGF-2a-induced luteolysis of the Day 10 spontaneous CL formed corpora haemorrhagica within 2 days after injection of GnRH. The observation that follicles capable of ovulating exist in the ovaries of some proportion of luteal-phase animals is not unique to this study and has been reported by other investigators administering a variety of hormones (Casida, 1946; Inskeep et ai, 1963; Rahmanian & Murdoch, 1987) . Corpora lutea induced during the luteal phase of cyclic ewes did not affect lifespan of spontaneous CL (Casida et ai, 1945; Inskeep et ai, 1963; Rahmanian & Murdoch, 1987) . However, in the absence of spontaneous CL, there is evidence that the induced CL are inherently short-lived in uterine-intact ewes (Inskeep et ai, 1963; Rahmanian & Murdoch, 1987; present study). Removal of the uterus prevented the demise of the GnRH-induced CL in our studies, but not in the studies reported by Rahmanian & Murdoch (1987) . The reason for these contrasting observations is not known. It is known, however, that incomplete hysterectomy, delayed removal of the uterus and/or disruption of the ovarian blood vessels during hysterectomy could account for the short lifespan of induced CL in hysterectomized ewes (Rowson & Moor, 1964; Kiracofe et ai, 1966; Melampy & Anderson, 1968; Anderson et ai, 1969) . Alternatively, function of the GnRH-induced subnormal CL may have waned in the hyster¬ ectomized ewes of Rahmanian & Murdoch (1987) due to declining luteotrophic support reported to occur in ewes undergoing the transition from the breeding to non-breeding season (Karsch et ai, 1984) . Repeatedly, it has been reported that the demise of subnormal CL is dependent on the presence of the uterus (Keisler et ai, 1983; Copelin et ai, 1987; Lewis & Bolt, 1987; Southee et ai, 1988b Acritopoulou & Haresign (1980) reported that PGF-2a was not capable of inducing regression of spontaneous (normal) CL before Day 3. In our studies and those of Rahmanian & Murdoch (1987) , the lifespan of some of the GnRH-induced subnormal CL was no more than 3 days. Similar spontaneous (subnormal) CL are reported to occur at the onset of puberty in ewe lambs (Fitzgerald & Butler, 1978; Ryan & Foster, 1978; Berardinelli et ai, 1980; Keisler et ai, 1983) , at the initiation of cyclic activity in post-partum ewes (Sharpe et ai, 1986) and in ewes undergoing the transition into the breeding season (Walton et ai, 1977) . We therefore suggest that possibly two mechanisms are working simultaneously to hasten the demise of these and other subnormal CL; (1) that the luteolysin, PGF-2a, may be released earlier during the sub¬ normal cycle than during the normal cycle to hasten the demise of the subnormal CL and (2) that the induced CL may have formed from a follicle which had not experienced some sequence of events characteristic of luteal regression and/or a normal follicular phase (i.e. inadequate follicle development), and therefore is in some way more responsive to or responsible for premature luteolysis. The observation in Exp. 1 that GnRH-induced subnormal CL in hysterectomized ewes failed to produce serum concentrations of progesterone equal to that of mid-luteal phase spontaneous CL in cyclic ewes may indicate that a luteal defect exists in the GnRH-induced subnormal CL. While other explanations are possible, it is clear, in these and other studies (Southee et ai, 1988b) , that in the absence of the uterus the subnormal CL failed to attain the secretory capacity of a normal CL in the presence of a uterus. Should a luteal-phase defect exist as suggested in these and other studies (Haresign & Lamming, 1978; McNatty, 1979 (1987) reported that follicles destined to form subnormal CL had less oestradiol in the follicular fluid than did follicles destined to form normal CL. Based on these suggestions, we would suggest that follicles which were induced to form subnormal CL in the GnRH-5 h-PG-and PG-5 h-GnRH-treated ewes in Exp. 2 (1988) . Oestradiol, therefore, may be serving as an indicator of follicular development and a regulator of uterine PGF-2a secretion. Based on our preliminary observations in a limited number of ewes, pretreatment of GnRH-5 h-PG-treated ewes with physiological levels of oestra¬ diol failed to enhance luteal function (unpublished observations).
We suggest that these data provide new evidence to support the hypothesis that subnormal luteal function may be the result of inadequate follicle development (i.e. the follicle needs exposure to some sequence of events characteristic of luteal regression and/or a normal follicular phase) which impairs uterine luteolytic mechanisms. Furthermore, these results support the hypothesis that periovulatory determinants of normal luteal function are established between 5 and 36 h after PGF-2a-induced luteal regression.
